Experiment Summary:

Students will verify the law of reflection by measuring incident and reflection angles from a mirror and determine the relationship between the refraction of light and Snell's law. Students will use a laser to study how various angles of light reflect off a mirror and determine whether the image in the mirror is real or virtual. Students will also study refraction through
Discussion and Review
When light rays hit the surface of a material, some of them are reflected. This phenomenon of the reflection of light rays off glass, mirrors, or similar surfaces is summarized by the law of reflection:
The angle of incidence is equal to the angle of reflection θ i = θ r . The angles θ i and θ r are measured from a line perpendicular to the reflecting surface as shown in Figure 1 . In any homogeneous material, light travels in straight lines. However, when light encounters a different medium, some of the light is reflected back and some is transmitted into the new material. In the new material, the transmitted light is bent at the boundary and travels in a slightly different direction in accordance with Snell's law:
Where n 1 and n 2 are the indexes of refraction of the media in which the incident and refracted rays travel. 
Procedure
In this experiment, you will trace sets of light rays originating from an object (pin) before and after it strikes a mirrored surface. From this, you will find the apparent image formed from the reflected or refracted rays originating from the object.
Part I: Reflection
1. Tape a sheet of white paper onto the cardboard.
2. Draw a straight line about 20 cm long across the paper about one-third down from the top. This will be the baseline. Draw another line perpendicular to the first line using the protractor. This second line will be normal, 90 o , to the first line. 6. Look at the mirror from the right side of the normal line so you can see the reflection of the first two pins. Stick two pins into the paper so that they appear to be co-linear with the reflection of the first two pins. They should appear to be in a straight line with the images in the mirror. Label the new pin points P 3 and P 4 . It is important that the mirror not move from the baseline. This would change the angle of reflection.
www.HOLscience.com 7. Remove the pins and draw a line that connects points P 3 and P 4 . This line represents the reflected ray. Use a protractor and carefully measure the angle of reflection θ r . Compare it to the angle of incidence. Are they the same?
8. Repeat the procedure by placing pins 1 and 2 on the 45° line and then on the 60° line of incidence. Record the angles of reflection on your drawing. Transfer the results to Data Table  1 .
Data Table 1 : Reflection
Incident angle θ i 30°45°60°R
eflected angle θ r 9. Repeat Part I using your laser pointer. In order to see the laser beam, you must hold the laser pointer low enough to track the angle line and to be visible on the paper. This will allow the track of the beam to be reflected out onto the paper. When using the laser you will not need the pins, just draw the angle lines.
Question
What can you conclude about the relationship of θ i and θ r ? Does this verify the law of reflection?
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Part II: Reflection
You will now locate the image of an object as seen in a mirror.
1. Tape a new sheet of paper to the cardboard, draw a straight line approximately 20-cm long across the paper about one-third down from the top. Again, place the mirror in an upright position by attaching clothespins to each side of its bottom edge. 2. Place a pin, which is the object pin, about 10 cm in front of and near the center of the mirror as seen at right.
3. Close one eye and use the other to sight the object image in the mirror while you look at it from the right side of the mirror. Place one pin, called a locator pin, near the mirror and in line with the reflected ray of the object image.
4. Place a second locator pin about 10 cm in front of the mirror and in line with the image pin. The image must be along a straight line you will draw through the pins.
5. Now sight the object image again, but this time from the left side of the mirror. Use two more locator pins to mark a line with the reflected ray of the object image. See the left side of Figure  6 .
6. Circle the locations of all pins on the paper: label the object pin with "O" and the locator pins with "L" as shown in Figure 6 . Remove the mirror and the pins. In this part we will trace rays through a semi-circular tray or Petri dish of water using the pin technique.
1. Tape a fresh sheet of paper to the cardboard.
2. Draw a horizontal line near the center of the paper, and then a second normal line perpendicular to and crossing the first line near the center of the paper.
3. Use a protractor to draw a line from the intersection of the perpendicular lines at an angle of 20 o to the left of the normal line indicated by θ i in Figure 7 .
4. Fill one side of a divided Petri dish about two-thirds full with water.
5. Place the straight edge of the Petri dish's divide along the horizontal line with the water on the opposite side from where the angled line was drawn in step 3. The Petri dish should be centered close to the normal line as shown in Figure 7 . Place pin 1 at the edge of the empty side of the dish and its intersection with the line from step 3. Place pin 2, 1 cm farther out the line. . With one eye, look through the Petri dish and water from the water-filled side. You should be able to see both pins through the water. Make sure you are looking through the water; it is very easy to confuse looking through with looking over the water. Move your eye down from the top of the dish until you see the ray from the two pins on the opposite side pass through the water.
www.HOLscience.com 7. Place a third pin at the location marked "pin 3" at the edge of dish in line with the rays you see through the dish from the pins on the other side. Place a second pin 1 cm farther out on the same sight line. Circle the positions of the pins both behind and in front of the Petri dish.
8. Remove the dish and draw a straight line through the pins from the water-filled side of the dish to the intersection of the perpendicular lines. You previously drew the incident ray and angle θ i from the empty side of the dish. The new line from the filled side of the dish represents the refracted ray. Measure the angle of refraction θ r . Notice that this ray strikes the curved surface normal to the surface and passes through without being bent.
9. The angle of incidence and the angle of refraction are related by Snell's law, also known as Descartes' law. For our example, n i , the index of refraction for the medium of the incident ray is the index of the refraction of air: n i = n air = 1.00. Therefore, we can solve for n r (the index of refraction for the medium that is water in this case): n r = sin θ i / sin θ r .
10. Perform the experiment two more times using different angles of incidence and complete Data Table 2 . Remember, the known value of the index of refraction for water is n water = 1.33.
Data Table 2 11. Repeat this experiment using your laser pointer. Place a few drops of milk in the water to make it cloudy, allowing you to see the laser beam as it passes through the water. Extend the 20 o angle line from step 3 so it passes the entire Petri dish when it is in place. Shine the laser down that line through the empty side of the Petri dish. When you look down into the Petri dish, you will actually see how the light has bent. Place a pin where the laser beam exits the curved part of the Petri dish and then proceed with the previous calculations.
Question
Find the percent difference between the known value and your average experimental value.
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Part IV: Refraction and Refractive Index.
In this part, we will trace rays through a refraction block and measure its refractive index. 1. Tape clean paper to the cardboard, and on the center of that paper trace around the large side of the refraction block.
2. Remove the protective paper or plastic from the translucent ends of the refraction block.
3. About 1 cm from the upper left corner of the traced square, draw a normal line (N) to the outline of the cube that passes through the outline as shown in Figure 8 . www.HOLscience.com 5. Place the refraction block on the outline so you will look through and to its translucent ends. Look through it from the opposite side of the first pins and place two pins, P 3 and P 4 , along the path that appears to be a straight line from P 1 and P 2 when viewed from this angle. See Figure 10 below. 9. Measure the refracted angles θ r between the normal lines and the ray drawn inside the outline. Use these angles to calculate the index of refraction of the material. See Figure 13 for guidance.
Data Table 3 10. Perform the experiment two more times using different angles of incidence and complete Data Table 3 .
Question
Find the percent difference between the known value of 1.49 and your average experimental value.
